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*  The  Becquerel  (Bq)  is  the  SI  unit  of  radioactivity:  1  Bq  =  1  event/s. 
**  The  Gray  (Gy)  is  the  SI  unit  of  absorbed  radiation. 

***  The  Sievert  (Sv)  is  the  SI  unit  of  dose  equivalent. 
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ABSTRACT 


It  was  shown  in  experiments  using  a  canine  model  that  intramuscular  administration  of  unithiol 
(monohydrate  sodium  salt  of  2,3-dimercapto-l-propansulfonic  acid,  50  mg/kg)  before  cystamine 
(cystamine  dihydrochloride,  100  mg/kg,  calculation  on  the  salt,  intragastric  administration)  decreases 
the  toxic  effect  of  this  radioprotector.  The  frequency  of  manifestations  of  the  toxic  effects  of 
cystamine  (change  of  behavior,  vomiting  reaction,  decrease -of  body  temperature  and  so  on)  is  not 
decreased,  but  the  severity  of  expression  and  duration  are  decreased.  The  period  of  agitation  induced 
by  cystamine  is  shortened,  and  the  period  and  expression  of  vomiting  induced  by  this  preparation  are 
decreased.  Respiratory  frequency  and  condition  of  the  heart  are  less  changed  (according  to  EKG 
data). 


v 


FOREWORD 


Like  all  drugs,  radioprotectors  are  toxic  at  sufficiently  high  concentrations.  It  is  known  that 
the  toxic  effects  of  thiol  radioprotectors,  in  both  dogs  and  humans,  include  asthenia  (weakness), 
nausea,  vomiting,  loss  of  work  capacity,  and  other  effects.  In  humans  postural  hypotension  and 
dizziness  also  occur.  In  healthy  troops  or  civilian  first  responders  exposed  to  radiation  such  effects 
clearly  would  prolong  the  time  of  exposure,  increase  the  risk  of  accidents,  or  impair  their  ability  to 
perform  their  duty.  As  a  result,  the  beneficial  effects  of  the  radioprotector  could  be  diminished  or 
even  reversed.  A  major  aim  of  researchers  in  this  field  is  therefore  to  decrease  toxicity  while 
maintaining  efficacy. 

The  authors  of  this  report  have  previously  shown  (22)  that  unithiol,  in  combination  with  the 
radioprotector  cystamine,  significantly  reduced  the  toxicity  of  the  latter,  as  measured  by  LDsow  in 
mice.  If  the  dose  of  cystamine  was  subsequently  doubled,  and  unithiol  administered,  the  dose 
protection  factor  could  be  increased  from  1 .4  to  1 .8.  While  such  an  approach  might  not  be  useful  in  a 
military  operational  situation,  clearly  the  radioprotective  effects  of  this  particular  radioprotcctor  were 
not  reduced.  The  next  step  was  to  test  the  antitoxic  effects  of  adding  unithiol  to  cystamine  in  a 
physiologically  and  behaviorally  more  complex  animal  model.  This  report  documents  the  results  of 
this  experiment. 

Although  cystamine  related  toxic  effects  were  not  eliminated,  their  expression  and  duration 
were  reduced.  More  work  should  be  done  along  the  lines  of  this  study’s  directions.  One  approach 
would  be  to  alter  the  dose  and  ratios  of  this  particular  combination  of  radioprotective  agents.  The 
ability  of  other  dithiols  to  ameliorate  the  effects  of  other  radioprotectors  should  also  be  studied. 

The  authors  are  grateful  to  Drs.  E.J.  Ainsworth  and  G.I.  Reeves  for  fruitful  discussion  and 
support  of  this  work.  However,  it  should  be  stressed  that  this  document,  including  the  collection, 
presentation,  and  conclusions  derived  from  the  data  presented  therein,  are  entirely  the  work  of  the 
authors.  The  Defense  Threat  Reduction  Agency  (DTRA)  and  its  predecessor  agencies  did  not 
collaborate  in  the  analysis  of  data  nor  in  the  preparation  of  the  report,  aside  from  editing  of  grammar 
and  syntax  plus  updating  radiation  units  to  SI  units.  Editorial  changes  were  carefully  made  in  order 
not  to  alter  the  scientific  content  of  the  document,  only  its  format  and  presentability.  Consequently, 
the  findings  and  opinions  expressed  in  this  document  are  entirely  those  of  the  authors  and  do  not 
represent  those  of  DTRA,  the  Department  of  Defense,  or  the  U.S.  Government. 

Funding  and  contractual  management  support  for  the  production  and  publication  of  this 
report  were  provided  by  DTRA.  Scientific  review  and  editing  for  clarity  was  performed  by  Dr.  Glen 
1.  Reeves,  MD,  of  Northrop  Grumman  IT.  Grateful  acknowledgement  is  given  to  Dr.  Tom  Seed,  then 
of  AFRRI,  whose  advice  and  constructive  criticism  were  valuable  in  the  review  of  this  manuscript. 
The  agency  is  also  grateful  for  the  report  production  and  technical  editing  provided  by  Chris 
Brahmstedt  of  the  Defense  Threat  Reduction  Information  Analysis  Center  (DTRIAC)  for  this  report. 
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SECTION  1 


STUDY  OF  THE  ANTITOXIC  EFFECT  OF  UNITHIOL  ON  CYSTAMINE  IN  DOGS 


Beginning  with  the  well  known  works  of  Patt  (34a),  Bacq  (2a,  2b),  and  Doherty  (20a),  the 
study  of  radioprotectors  has  had  theoretical  as  well  as  practical  significance.  Most  attention  has  been 
given  to  sulfur-containing  compounds  which  provide  effective  protection  against  both  low  LET  and 
neutron  radiation  to  animals  of  various  species.  Positive  experience  of  use  of  sulfur-containing 
protectors  has  been  accumulated  in  the  clinical  practice  of  radiotherapy  of  cancer.  Moreover,  these 
compounds  are  beginning  to  attract  the  attention  of  virologists,  immunologists  and  geneticists  (24, 
25).  However,  widespread  clinical  use  of  the  sulfur-containing  preparations  is  restricted  by  their 
toxicity.  In  fact,  the  sulfur-containing  protectors  show  radioprotective  effect  at  doses  which  are  close 
to  toxic  level,  and  the  therapeutic  index  of  these  compounds  (minimal  toxic  dose/minimal 
radioprotective  dose)  in  experiments  in  mice  is  not  large  -  less  than  3(11). 


The  toxic  effects  of  the  aminothiol  radioprotectors  cysteamine  (MEA),  cystaminc,  and  AET 
(aminoethylisothiouranium*Br*HBr)  are  varied  and  are  variously  manifested  in  animals  of  different 
species.  After  a  single  administration  they  are  expressed  in  the  form  of  depression,  decreased 
movement  and  postural  changes,  tremor,  and  spasms  in  mice  and  rats.  An  intravenous  administration 
of  MEA  in  dogs  (200  mg/kg)  causes  restlessness,  which  is  quickly  changed  to  flaccidity,  multiple 
episodes  of  vomiting,  hypersalivation,  tachycardia,  and  weak  pulse  for  four  to  eight  hours.  These 
symptoms  persist,  although  they  are  less  pronounced,  when  the  dose  is  halved  (45).  Also  noted  are 
shortness  of  breath,  convulsive  twitching  of  extremities,  decreased  appetite  (35),  spasms,  ataxia, 
rocking  motions  of  the  front  half  of  the  body,  loss  of  sensitivity  to  painful  stimuli,  and  diarrhea  (34). 

In  addition  to  the  studies  outlined  above  the  authors  of  a  detailed  study  of  AET  in  various 
species  of  animals  noted  that  tenesmus,  defecation,  and  mydriasis  are  observed  in  dogs  (5). 

The  thiol  protectors  AET,  MEA,  and  cystamine  cause  initial  agitation  with  subsequent 
depression,  somnolence  and  decrease  of  muscular  tone,  salivation,  and  vomiting  in  monkeys  (Macaca 
mulatta,  Macaca  rhesus).  In  the  case  of  dogs  administration  of  MEA  and  cystaminc  1 50  mg/kg 
induces  a  shock-like  condition  and  spasms.  Cystaphos,  which  is  similar  to  these  protectors,  is  less 
toxic,  especially  with  oral  administration.  However,  its  radioprotective  doses  cause  deep  depression 
and  vomiting  (19,  23,  37). 

Disorders  of  the  cardiovascular  system  are  a  constant  toxic  effect  of  aminothiol  preparations. 
Intravenous  administration  of  AET  in  dogs  induces  hypertension  that  is  due  to  increased  peripheral 
resistance.  If  the  drug  is  administered  slowly  hypertension  gives  way  to  hypotension.  Development 
of  refractoriness  of  the  myocardium  to  vagal  stimulation  was  noted  as  well  (26).  In  addition  to  the 
changes  of  blood  pressure  described,  decrease  of  the  QRS  complex  and  the  S  and  T  waves,  inversion 
of  the  ST  segment  and,  in  some  instances,  complete  inversion  of  the  QRS  complex  were  found  on 
electrocardiography  (EK.G)  (8). 


Under  the  same  conditions  of  administration,  MEA  causes  persistent  hypotension,  which  is 
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also  explained  by  varying  peripheral  resistance  as  well,  but  in  the  opposite  direction  (34).  The 
hypotensive  effect  of  MEA  and  cystamine  are  outlined  not  only  in  dogs  but  in  animals  of  other 
species  (31, 36,  39,  47).  They  also  cause  decrease  of  blood  pressure  in  cats  and  monkeys  (37,  39), 
and  cystaphos  in  monkeys  causes  bradycardia  (19). 

All  enumerated  side  effects  of  the  aminothiols  arise  from  use  of  doses  close  to  radioprotective 
ones,  and  exceeding  these  doses  causes  death  of  animals  by  cessation  of  respiration  (43). 

Clearly,  the  aminothiol  protectors  are  toxic  in  humans  as  well.  True,  it  has  been  shown  that 
the  side  effect  of  the  preparation  is  not  noted  if  cystamine  is  administered  in  small  doses  per  os 
(orally)  (for  example,  0.2  -  0.4  g  cystamine  in  a  single  dose)  (13).  However,  the  authors  of  this 
presentation  did  not  study  the  condition  of  the  cardiovascular  system.  Other  authors  have  found  that, 
given  the  same  conditions  of  administration  of  cystamine,  blood  pressure  and  peripheral  resistance 
are  decreased,  stroke  volume  of  the  heart  is  increased,  and  the  basic  metabolism  is  increased  as  well. 
Respiration  is  changed  in  persons  with  hypertensive  disease  (27).  The  above  mentioned  doses  of 
cystamine  are  essentially  less  than  optimal  radioprotective  doses  in  humans  as  determined  by 
extrapolation  of  results  from  experiments  in  animals. 

AET  causes  an  expressed  toxic  effect  in  humans  as  well.  Nausea,  belching,  vomiting  and 
hyperemia  of  the  face  and  skin  of  the  thorax  are  noted  upon  intravenous  administration.  Nausea  and 
vomiting,  small  decrease  of  blood  pressure,  vertigo,  increased  sweating,  and  sleepiness  appear  upon 
administration  of  the  preparation  in  doses  of  750-1,000  mg  per  os.  The  authors  noted  that  these 
effects  are  caused  at  doses  of  AET  which  do  not  protect  the  skin  against  the  effects  of  radiation  and 
do  not  prevent  epilation  (12). 

Mechanisms  of  the  toxic  effect  of  the  aminothiol  preparations  arc  various.  Judging  from  the 
character  of  the  symptoms,  the  toxic  effect  of  aminothiol  radioprotectors  are  caused  primarily  by 
their  influence  on  the  central  nervous  system  (CNS).  Changes  of  behavior  attributable  to  the 
aminothiol  protectors  are  associated  with  disturbance  of  the  functional  activity  of  cortex.  It  was 
demonstrated,  using  the  method  of  conditioned  reflexes,  that  MEA  even  in  small  doses  decreases 
excitation  of  the  cortex  in  rat.  The  subcortex  is  depressed  as  well;  unconditioned  reflex  activity 
deteriorates  (3).  The  results  of  electroencephalography  (EEG)  in  rabbits  and  cats  agree  well  with 
these  data:  in  these  animals  bioelectric  activity  of  the  sensorimotor  zone  of  the  cortex  and  reticular 
structure  of  middle  brain  was  decreased  (7,  16).  Administration  of  MEA  and  mercaptopropylamine  to 
rabbits  leads  to  decrease  of  free  oxygen  in  the  brain  by  25  -  30%  (6).  Radioprotective  doses  not  only 
depress  the  cerebral  cortex  and  subcortex  of  rats,  but  also  decrease  their  spinal  cord  reflexes  (3). 

Changes  of  the  functional  condition  of  nervous  centers  can  be  determined  by  changes  of 
circulation  of  the  blood  and  respiratory  activity.  In  particular,  the  experiments  demonstrated  that 
administration  of  only  75  mg/kg  of  MEA  in  the  vertebral  artery  of  cats  caused  rapid  acceleration  of 
the  frequency  of  respiration  and  hypotension,  which  was  more  pronounced  than  from  intravenous 
administration  of  the  same  dose  of  the  protector  (39).  However,  the  cause  of  changes  of  the 
vegetative  function  is  not  only  disturbance  of  nervous  centers  but  changes  of  reflex  regulation  as 
well.  Thus  MEA  changes  excitability  of  the  chemoreceptors  of  the  carotid  sinus  area,  the  most 
important  reflexogenic  zone  in  the  system  of  regulation  of  breathing  and  blood  circulation  (38). 
Change  of  heart  activity  (bradycardia)  and  breathing  in  rabbits  and  cats  under  the  influence  of  MEA 
takes  place  involving  the  carotid  sinus  and  vagal  reflexes.  The  subsequent  hypertension  is  associated 
with  excitation  of  spinal  vessel  motor  centers  (3 1 ). 

It  was  found  that  depression  of  ganglionar  transmission  by  the  aminothiol  preparations  may 
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play  a  role  in  disturbance  of  vegetative  functions  (20,  21).  Finally,  humoral  effects  of  the  thiol 
protectors  and  the  hormonal  agents  they  induce  take  part  in  changing  the  tone  of  blood  vessels  (1,2, 
34).  Here  direct  influence  of  the  aminothiols  on  the  blood  vessel  walls  takes  place  (32.  47),  and.  in 
the  case  of  MEA,  a  sympatholytic  effect  (32)  and  intensified  formation  of  histamine  (29). 
Administration  of  AET  as  a  humoral  factor  increases  blood  vessel  wall  tone;  blood  vessel  wall  tone 
may  also  be  influenced  by  adrenaline  and  noradrenaline,  induced  by  administration  of  the  protector, 
as  well  as  by  a  direct  effect  of  the  protector  itself  (5). 

Vomiting  and  changes  of  intestinal  peristalsis  under  the  influence  of  MEA,  cystamine,  and 
AET  are  associated  with  the  effect  of  the  protectors  on  the  CNS,  as  well  as  with  a  local  effect  due  to 
reflexes  from  receptors  in  the  mucous  membrane  of  the  stomach  and  intestines  (32.  33,  41, 44,  47). 

By  this  means,  one  can  see  that  the  particular  mechanisms  of  influence  on  the  system  of 
blood  circulation  are  different  between  MEA  on  the  one  hand  and  AET  on  the  other  hand.  However, 
there  is  doubtless  a  principal  similarity  in  the  mechanisms  of  toxic  effect  of  all  the  protectors  named. 
The  basis  for  this  similarity  is  disturbance  of  the  functional  condition  of  the  central  nervous  system, 
disturbance  of  the  reflex  regulation  of  vegetative  functions,  and  a  direct  effect  of  the  protectors  on  ' 
several  organs.  These  are  associated  with  effectors  involved  in  the  reaction  from  hormonal  agents. 

The  necessity  of  decreasing  the  side  effects  of  aminothiol  radioprotectors  described  above 
was  determined  almost  from  the  time  of  discovery  of  their  radioprotective  effect. 

One  way  of  decreasing  the  toxic  effect  of  the  aminothiol  preparations  is  to  change  the  method 
of  their  administration  to  the  organism:  by  oral  administration  they  show  less  toxic  effect  than  when 
administered  parenterally.  Unfortunately,  not  all  the  aminothiol  protectors  can  be  administered  this 
way.  However,  if  it  is  possible  (as,  for  example,  in  the  case  of  AET  and  cystamine),  it  substantially 
decreases  the  toxic  influence  of  a  preparation.  So,  the  LD50  is  392  mg/kg  with  intraperitoneal 
administration  of  cystamine  and  1392  mg/kg  with  per  os  administration  (22).  There  are  data  to  the 
effect  that  the  toxicity  of  a  preparation  is  decreased  if  it  is  administered  for  a  few  days  in  an 
increasing  dose,  beginning  from  subtoxic  levels  and  concluding  at  obviously  toxic  doses  (23). 

Decrease  of  toxicity  of  MEA  and  cystamine  may  also  be  achieved  as  well  by  means  of 
appropriate  selection  of  the  acid  with  which  the  protector  (a  base)  forms  a  salt:  various  salts  of  the 
same  protector  are  not  equally  toxic.  So,  the  hydrochloride  of  MEA  is  the  most  toxic  in  terms  of  its 
depressive  effect  on  spinal  cord  reflexes  in  cats,  and  the  ascorbinate  is  toxic  only  to  a  minimal 
degree.  The  hydrochloride  of  MEA  is  the  most  toxic  in  terms  of  its  hypotensive  effect  in  cats  and 
rabbits,  and  the  ascorbinate  is  least  toxic  of  all;  the  salicylate  occupies  an  intermediate  position  (4). 
The  lethal  effect  of  the  lactate  of  MEA  is  greater  than  the  same  dose  of  the  hydrochloride,  and  the 
latter  is  more  toxic  than  ascorbinate;  the  tartrate  and  bitartrate  of  MEA,  in  general,  do  not  cause  the 
death  of  animals  at  the  same  dose  (5 1 ).  However,  the  indicated  differences  are  not  very  large,  and  the 
change  of  one  acid  residue  to  another  cannot  solve  the  problem  of  toxicity  of  the  aminothiol 
protectors.  Synthesis  of  phosphoro  derivatives  of  the  aminothiols  -  cystaphos  and  especially  WR- 
2721  -  is  an  important  step  in  this  direction.  But  their  use  is  also  accompanied  by  side  effects  in 
animals  of  all  species,  in  monkeys  as  well  as  in  man  (9,  19,  46).  This  demands  action  for  decrease  of 
the  toxicity  of  these  phosphoro  derivatives  of  the  aminothiols. 

One  important  way  of  solving  the  problem  of  toxicity  of  the  aminothiols  is  a  combination  of 
the  aminothiol  preparations  with  various  chemical  agents  (22,  49).  An  important  role  of  thiol 
compounds  is  to  cause  changes  of  the  condition  of  the  central  nervous  system;  although  this  causes 
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toxic  effects,  the  intended  use  of  the  majority  of  these  agents  has  a  favorable  influence  on  the  CNS. 
Indeed,  the  narcotic  and  anticonvulsive  preparations  pentobarbital,  luminal,  librium,  and  bcnzonal 
ameliorate  the  toxic  effect  of  cystamine:  the  first  of  these  enumerated  preparations  decreases 
salivation,  vomiting  and  spasms  in  dogs  from  administration  of  cystamine  (34),  and  benzonal 
decreases  mortality  in  mice  when  used  with  cystamine  ( 1 8).  Caffeine  at  a  dose  of  40  mg/kg  acts  in  a 
similar  fashion  regarding  WR-2721  and  WR-3689  (28,  50).  Preparations  which  excite  the  nervous 
system,  such  as  strychnine,  corazol,  phenamine,  and  even,  in  relatively  large  doses,  caffeine  increase 
the  toxic  effect  of  cystamine  and  cystaphos,  promoting  their  lethal  effect  (42).  Besides  neurotropic 
drugs,  ACTH  and  hormones  of  the  adrenal  cortex  also  increase  tolerance  to  cystamine  (40.  42).  Zinc, 
copper,  and  selenium  act  similarly  with  respect  to  WR-2721.  In  addition,  they  increase  the 
radioprotective  efficacy  of  MEA,  AET,  and  WR-2721  (10.  17,  48,  49.  50). 

Stability  of  an  organism  against  the  toxic  effects  of  aminothiol  protectors  can  also  be  attained 
depending  on  how  they  are  combined  with  one  another.  So,  the  toxicity  and  side  effects  of  the 
combinations  WR-2721  and  cystaphos,  AET  and  2-mercaptopropylamine,  MEG  and  MEA. 
cystamine  and  AET,  cystamine  and  cystaphos  are  less  pronounced  than  when  each  agent  is 
administered  alone  ( 1 4, 1 8,28,30,50). 

As  shown,  the  combination  of  cystamine,  MEA  or  AET  with  unithiol  (sodium  salt  of  2,  3- 
dimcrcapto-l-propansulfonic  acid  )  significantly  increases  the  stability  of  mice  and  rats  to  the  toxic 
effects  of  these  radioprotectors.  The  LD50  increases  under  the  influence  of  unithiol  by  40%;  that  is 
substantially  more  than  with  any  of  the  preparations  mentioned  above,  alone  or  combined  with  one 
another.  The  increase  in  stability  to  cystamine  or  AET  allows  one  to  increase  doses  of  the  latter,  and. 
as  a  consequence  of  this,  the  radioprotective  effect  as  well.  We  found  that  there  is  an  optimal  ratio  of 
unithiol  and  the  aminothiol  protectors  to  increase  the  stability  of  the  organism  to  the  toxic  effect  of 
the  latter  (15,  22). 

In  connection  with  this  it  is  expedient  to  research  the  antitoxic  effect  of  unithiol  concerning 
one  of  the  most  effective  radioprotectors,  cystamine,  in  dogs  -  animals  closer  in  biological  structure 
to  man  than  rodents. 
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SECTION  2 


MATERIALS  AND  METHODS 


For  this  experiment  twenty  mongrel  adult  male  dogs  were  used.  Distribution  of  animals  by 
weight  was  the  same  in  both  groups.  They  had  the  standard  vivarium  diet  (meat,  milk,  bread,  groats, 
vegetables,  vitamins).  Drinking  water  was  constantly  available.  The  first  (control)  group  of  ten  dogs 
was  given  cystamine,  and  the  second  (experimental)  group  of  ten  dogs  was  given  unithiol  and 
cystamine  in  solution.  Cystamine  was  given  through  a  tube  into  the  stomach.  Per  os  administration 
allows  better  simulation  of  the  actual  situation  of  use  of  this  preparation  as  a  tablet  in  humans,  rather 
than  via  intravenous  (IV)  or  intraperitoneal  (IP)  administration.  Unithiol  was  given  intramuscularly 
10-15  minutes  before  cystamine.  It  was  shown  earlier  that  this  way  of  unithiol  administration 
provides  an  increase  in  stability  to  the  effects  of  cystamine  administered  into  the  stomach  (22).  The 
dose  of  cystamine  hydrochloride  was  1 00  mg/kg  (calculation  on  the  salt),  and  the  dose  of  sodium  salt 
of  unithiol  was  50  mg/kg.  Such  a  ratio  of  doses  of  cystamine  and  unithiol  ( 1  equivalent  of  cystamine 
to  1/2  equivalent  of  unithiol)  provides  the  most  pronounced  antitoxic  effect  of  unithiol  (22). 

The  preparations  of  cystamine  dihydrochloride  and  monohydrate  of  sodium  salt  of  2,3- 
dimcrcapto-l-propanesulfonic  (Unithiol)  were  purchased  from  commercial  suppliers  and  used 
without  further  purification.  The  purity  of  unithiol  was  not  less  than  98  %  as  shown  by  SH-group 
spcctrophotometric  analysis  with  Ellman  reagent.  The  purity  of  cystamine  as  detected  by  SH-group 
spectrophotometry  after  reduction  of  the  disulfide  bond  by  NaBH4  lay  within  the  range  of  99  ±  3%. 

The  toxic  effect  of  cystamine  and  the  changing  resistance  of  the  animals  to  it  were  judged  by 
observing  their  behavior  (agitation  and  depression),  their  posture,  motor  activity,  tremor,  salivation, 
vomiting,  defecation,  respiratory  rate,  pulse  rate,  electrocardiographic  (EKG)  data,  temperature,  and 
physical  working  capacity  (ability  to  tolerate  dynamic  physical  loading  of  high  intensity). 

Physical  working  capacity  was  evaluated  using  a  tredban  (treadmill  with  a  designated  speed, 
on  which  the  dog  is  forced  to  run).  The  dogs  were  trained  to  run  by  tredban  for  two  weeks,  using  one 
40-minute  training  run  everyday.  Pulse  and  breathing  rates  would  increase  until  the  pulse  rate  had 
increased  by  20-30  beats  per  minute  (bpm)  above  the  initial  resting  level.  After  awhile  the 
respiratory  rate  would  begin  to  decrease.  When  it  had  decreased  by  5-6  breaths  per  minute,  relative 
to  the  maximum  achieved  level,  this  indicated  arrival  at  the  aerobic-anaerobic  threshold  (AAT), 
which  occurs  at  an  oxygen  debt  of  more  than  2-3  liters. 

Such  debt  cannot  be  cancelled  without  involving  conditions  of  anaerobic  oxidation  and 
corresponds  to  accumulation  of  lactic  acid  in  blood  to  5  mM/1.  A  continuation  of  the  loading  leads  to 
fatigue  and  to  irreversible  changes  in  various  organ  systems  due  to  hypoxia  (39a). 

On  the  test  day  the  animals  were  made  to  run  at  the  same  speed  they  did  during  the  two  week 
training  period.  When  the  pulse  and  respiratory  rates  changed  to  indicate  achievement  of  the  AAT, 
the  run  was  stopped  and  the  time  recorded.  This  was  expressed  as  a  percentage  of  the  time  it  took  the 
animal  to  achieve  AAT  during  the  training  period.  The  time  to  complete  recovery  of  the  pulse  and 
respiratory  rates  was  also  recorded. 
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Pulse  rate  was  determined  by  EKG,  and  respiratory  rate  by  using  a  transducer  fixed  on  the 
animal’s  thoracic  cage.  Changes  of  resistance  to  electric  current  in  the  transducer  during  respiratory 
movement  were  recorded  using  a  polygraph. 

The  measurements  of  all  the  characteristics  of  the  animals'  condition  were  carried  out  before 
administration  of  the  preparations  and  at  various  periods  after  their  administration.  The  time  of 
appearance  of  changes  of  the  characteristics  being  studied,  their  intensity  and  duration  were  recorded. 
The  number  of  vomiting  episodes  was  recorded.  All  experiments  were  begun  at  10:00  am.  The  dogs 
were  not  fed  on  the  day  of  the  experiment  prior  to  testing. 

The  results  of  the  experiments  were  processed  using  Student's  criterion  and  non-parametric 
criteria  of  signs. 
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SECTION  3 


RESULTS 


A  short  time  after  administration  of  cystamine  into  the  stomach,  excitation,  unrest,  abundant 
salivation,  and  then  repeated  paroxysms  of  vomiting  were  noted  in  dogs  of  both  groups.  Urination 
and  defecation  took  place  in  some  instances.  In  some  of  the  dogs  of  the  first  group  the  agitation  was 
superceded  by  depression  after  30-40  minutes,  and  an  active  posture  followed  by  a  passive  one:  dogs 
were  lying  down  with  their  head  on  their  paws.  Depression  was  not  observed  in  animals  of  the 
second  group. 

Rectal  temperature  in  both  groups  of  animals  decreased  under  the  influence  of  cystamine. 
Some  dogs  developed  tremor.  Cystamine  causes  tachypnea,  which  was  significant  in  the  first  group. 
Respiratory  rate  increased  by  35%  by  the  30th  minute,  and  by  the  60th  minute  the  increased  rate  still 
persisted  in  30%  of  the  animals  in  the  first  group.  In  the  second  group  these  changes  were  notably 
decreased  by  the  30th  minute  and  disappeared  almost  completely  by  the  60th  minute. 

The  pulse  rate  changed  as  well,  although  not  as  pronounced  as  the  respiratory  rate.  The  pulse 
rate  was  increased  in  both  groups  at  the  30th  minute;  to  15%  in  the  first  group  and  to  20%  in  the 
second  (the  distinctions  were  not  significant).  The  pulse  rate  was  back  to  normal  by  the  60th  minute. 
All  these  changes  described  above  were  eliminated  in  the  first  group  of  animals  by  one  hour,  and 
even  earlier  in  the  second  group.  After  two  hours  the  condition  of  all  dogs  in  both  groups  was  no 
different  from  the  starting  condition. 

Cystamine-induced  changes  of  the  heart  condition  were  detected  in  several  dogs  from  both 
groups  by  electrocardiographic  studies.  All  these  conditions  are  reflected  in  the  following  tables. 

Table  1.  Frequency  of  Certain  Toxic  Manifestations. 


indicators 

Cystamine 

Cystamine  +  Unithiol 

Changes  of  Behavior: 

Agitation 

10 

10 

Change  of  agitation  to  depression 

3 

- 

Increase  of  Salivation 

Strong 

7 

3 

Weak 

3 

7 

Posture 

Active 

7 

10 

Passive 

3 

- 

Tremor 

3 

3 

Vomiting 

10 

8 

Defecation  and  Urination 

6 

2 

Decrease  in  Rectal  Temperature 

10 

10 

Changes  in  Physical  Work  Capacity 

7 

4 

EKG  Changes 

6 

2 

According  to  the  non-parametric  criteria  of  signs,  all  differences  between  the  groups  were  not 
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statistically  significant.  As  shown  in  Table  1,  administration  of  unithiol  before  cystamine  in  dogs  has 
no  influence  on  the  frequency  of  manifestation  of  toxic  effects  of  the  radioprotector.  The  toxic 
effects  of  cystamine  were  observed  in  all  dogs  of  both  groups,  regardless  of  whether  cystamine  was 
administered  alone  or  in  combination  with  unithiol.  The  differences  in  frequency  of  appearance  of 
these  and  other  symptoms  of  the  toxic  effects  of  cystamine  in  dogs  of  both  groups  were  not 
statistically  significant. 

However,  statistically  significant  differences  in  evaluation  of  the  expression  and  duration  of 
several  toxic  effects  of  the  protector  between  animals  of  the  two  groups  were  revealed,  shown  in 
Table  2  and  Table  3. 


Table  2.  Magnitude  of  Toxic  Effects. 


Indicators 

Cystamine 

Cystamine  +  Unithiol 

Change  of  Behavior 

Time  from  exposure  to  agitation 

9.9±1.36 

11.211.92 

(minutes) 

Duration  of  period  of  agitation 

(minutes) 

24.3+4.5 

10.412.16* 

Decrease  in  Body  Temperature 

(degrees  C) 

1.0±0.28 

0.710.07 

Pulse  Rate  (%  of  initial  value) 

After  30  minutes 

1 1 5.2±  17.7 

120.017.68 

After  60  minutes 

94.316.5 

103.514.7 

Respiratory  Rate  (%  of  initial  value) 

After  30  minutes 

185.5127.6 

1  15.0114.03** 

After  60  minutes 

130.8131.0 

104.9126.5 

Physical  Work  Capacity,  or  Time  to 
Onset  of  the  Aerobic-Anaerobic 
Threshold 

- 

- 

(%  of  initial  value) 

Within  1  hour  after  administration 

96.9±1 8.2 

98.8+20.4 

of  the  preparation 

Within  3  hours  after  administration 

76.2±1 1.2 

82.5±10.8 

of  the  preparation 

Time  to  Complete  Recovery 

(minutes) 

59.413.2 

28.213.7* 

*p<  0.02.  **p<  0.05 


This  primarily  concerns  changes  of  behavior:  although  the  latent  period  till  onset  of  agitation 
in  dogs  of  both  groups  is  practically  the  same  -  9.9  and  1 1.2  minutes,  the  duration  of  agitation  in  dogs 
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of  the  second  is  half  as  long  -  10.4  instead  of  24.3  minutes.  After  the  period  of  agitation  dogs  of  the 
second  group  quickly  return  to  their  initial  condition,  keeping  an  active  posture.  They  can  hardly  be 
distinguished  in  appearance  from  the  animals  which  are  not  exposed  to  any  influence.  In  contrast, 
agitation  gave  way  to  depression  in  dogs  of  the  control  group  and  their  pose  became  passive.  True, 
the  differences  in  frequency  of  cases  of  agitation  and  depression  are  statistically  not  significant.  If  all 
the  changes  are  considered,  which  are  observable  in  the  condition  and  behavior  of  the  dogs,  the  time 
of  return  to  the  initial  condition  in  animals  of  the  control  group  is  an  average  of  59.4  minutes, 
whereas  in  animals  of  the  experimental  group  it  is  28.2  minutes. 

The  administration  of  unithiol  does  not  affect  the  decrease  of  temperature  induced  by 
cystamine;  the  temperature  reaction  is  the  same  in  animals  of  both  groups.  The  differences  of  the 
temperature  changes  are  small  and  are  not  statistically  significant,  as  illustrated  in  Table  2.  Unithiol 
does  not  affect  the  duration  of  the  latent  period  and  intensity  of  salivation  as  well;  the  former  is 
equally  short  and  the  latter  is  equally  intense  in  all  dogs  which  received  cystamine,  no  matter  whether 
unithiol  was  previously  administered  to  them  or  not,  as  shown  in  Table  3. 


Table  3.  Influence  on  condition  of  the  digesti  ve  system. 


Reaction 

Cystamine 

Cystamine  +  linithiol 

Salivation 

Latent  period,  minutes 

6.4±1.6 

6.611.7 

Emesis 

Latent  period,  minutes 

5. 1±1 .8 

18.612.7 

Average  number  of  episodes  of  emesis 

4.211.3 

2.110.5* 

Duration  of  Period  of  Emesis 

(minutes) 

48.4112.9 

18.611.38* 

*p<  0.0 1 


Influence  of  unithiol  on  the  speed  of  appearance  of  emesis  from  cystamine  is  not  observed; 
the  latent  period  of  this  reaction  in  dogs  of  each  group  is  statistically  indistinguishable  (Table  3). 
However,  the  intensity  of  the  emetic  response  to  cystamine  in  dogs  which  received  unithiol  prior  to 
receiving  the  protector  is  decreased.  This  shows  itself  as  a  decrease  in  the  number  of  episodes  of 
emesis  in  dogs  of  the  second  group,  as  well  as  a  shorter  duration  ot  the  period  ot  emesis.  The 
corresponding  indicators  are  decreased  more  than  twice  as  much  in  dogs  of  the  second  group  as 
compared  with  the  control  group  (Table  3).  Note  (Table  1)  that  vomiting  in  the  second  group  of  dogs 
was  not  observed  in  two  cases  and  urination  and  defecation  occurred  in  only  two  cases,  whereas  in 
the  first  group  vomiting  was  always  observed,  and  urination  and  defecation  in  7  cases  of  1 0. 

Fewer  changes  of  the  condition  of  the  heart  were  noted  on  EKG  in  dogs  which  received  the 
combination  of  two  preparations  as  compared  with  the  first  group,  although  these  differences  did  not 
achieve  statistical  significance.  Disturbances  of  the  rhythm  of  heart  contractions  (atrial  fibrillation), 
induction  of  myocardial  excitation  (incomplete  atrio-ventricular  block),  and  signs  of  myocardial 
ischemia  (inversion  of  T  wave  and  elevation  of  the  ST  segment)  were  noted  in  six  dogs  of  the  first 
group.  Myocardial  ischemia  was  noted  in  two  dogs  in  the  second  group. 

Influence  of  unithiol  on  the  cystamine  induced  changes  of  pulse  rate  after  30  and  60  minutes 
of  observation  was  not  statistically  significant,  as  shown  in  Table  2.  Restoration  of  these 
characteristics  to  the  initial  level  in  dogs  of  both  groups  took  place  within  the  same  time  interval,  one 
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hour  after  administration  of  the  preparations.  On  the  other  hand,  the  changes  in  respiratory  rate  at  the 
30,h  minute  of  observation  in  dogs  of  the  second  group  were  less  pronounced,  as  depicted  in  Table  2. 
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SECTION  4 


DISCUSSION 


The  results  of  these  experiments  show  that  cystamine,  in  the  dose  applied,  expresses  a  toxic 
effect  in  animals,  which  is  in  complete  accordance  with  literature  data  (see  the  Introduction).  This 
dose  provides  protection  of  dogs  against  ionizing  radiation-(32).  Because  of  this,  the  study  of  the 
antitoxic  effect  of  unithiol  is  of  interest  for  such  conditions. 

From  Table  1  it  will  be  obvious  that  the  use  of  unithiol  does  not  exclude  toxic  effects  of 
cystamine  in  animals.  They  manifested  themselves  in  all  dogs  which  received  cystamine.  regardless 
of  whether  it  was  combined  with  unithiol  or  not.  The  decreased  frequency  of  certain  symptoms  of 
intoxication  after  administration  of  unithiol  (urination  and  defecation,  EKG  changes,  and  depression 
after  agitation)  was  not  shown  to  be  significant  by  statistical  analysis. 

However,  the  antitoxic  effect  of  unithiol  is  evident  when  other  criteria  are  used;  it  is 
manifested  by  less  expression  of  cystamine  intoxication  in  dogs  of  the  second  group.  In  particular, 
this  is  reflected  in  the  decreased  duration  of  agitation  in  dogs  which  have  received  unithiol  before 
cystamine:  although  onset  occurs  at  the  same  time  in  animals  of  both  groups,  the  period  of  agitation 
lasts  half  as  long  in  dogs  which  have  received  the  combination.  Note  that  the  agitation  in  these 
animals  is  never  succeeded  by  depression. 

The  administration  of  unithiol  has  an  effect  on  expression  of  the  vomiting  reaction:  the 
average  number  of  episodes  of  emesis  and  the  duration  of  the  period  of  emesis  in  dogs  which  have 
received  cystamine  with  unithiol  is  significantly  less  than  in  the  first  group. 

The  antitoxic  effect  of  unithiol  manifests  in  more  rapid  cessation  of  all  external 
manifestations  of  intoxication  by  cystamine  as  well;  the  animals  in  the  second  group  return  to  normal 
far  faster  than  those  in  the  first.  All  this  leads  to  the  observation  that  for  the  most  part  it  is  possible  to 
distinguish  between  animals  in  both  groups  by  appearance  and  behavior,  especially  at  the  end  of  the 
first  30  minutes  of  observation.  A  decrease  in  the  toxic  effects  of  cystamine  on  breathing  is  evident  as 
well. 

The  influence  of  cystamine  administration  in  dogs  on  their  physical  work  capacity  is  noted  to 
be  distinct  from  the  reaction  of  rats:  a  dose  of  60  mg/kg  of  the  protector  lowers  the  work  capacity  of 
the  latter  by  70%  (14a).  Apparently  this  discrepancy  of  the  results  is  attributable  to  the  fact  that  in  our 
experiments  the  physical  work  capacity,  because  of  peculiarities  of  method,  was  not  evaluated  at  the 
peak  of  intoxication,  but  during  the  period  of  its  decrease  and  disappearance,  whereas  the  decrease  of 
the  work  capacity  in  rats  was  tested  just  at  this  peak.  A  difference  between  the  species  in  their 
reaction  to  cystamine  is  possible  as  well. 

Thus  these  experiments  show  antitoxic  effects  of  unithiol  to  cystamine  in  dogs.  It  is 
manifested  in  the  differences  of  these  effects  in  dogs  which  have  received  the  cystamine 
radioprotector  alone,  vs.  its  combination  with  unithiol.  The  differences  consist  not  in  decrease  of 
frequency  of  the  toxic  disturbances,  but  in  reduction  of  the  intensity  of  their  expression. 

Studies  of  the  weakening  of  the  toxic  effects  by  thiol  protectors  in  dogs  are  isolated.  A 
favorable  influence  of  pyridoxine  decreasing  the  frequency  of  cystamine-induced  emesis  has  been 
shown  (44a).  A  combination  of  cysteamine  with  aminazine  does  not  decrease  the  toxic  effect  of 
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cysteamine  (35).  In  this  connection,  our  results  of  the  use  of  the  combination  of  cystaminc  with 
unithiol  may  be  considered  encouraging. 

The  antitoxic  effect  of  unithiol  in  dogs  has  been  sufficiently  demonstrated,  though  not  to  as 
impressive  an  extent  as  in  mice  and  rats.  In  lethality  studies  the  addition  of  unithiol  to  cystaminc  has 
raised  the  survival  of  the  “cystamine"  animals  (15,  15a,  15b,  22).  This  is  attributable  to  the 
qualitative  difference  of  indicators  used  to  ascertain  the  effect  of  unithiol.  An  “either/or"  indicator, 
death  versus  survival,  was  used  with  rodents.  However,  in  dogs  indicators  that  varied  in  magnitude 
were  used:  more  versus  less,  longer  versus  shorter.  Obviously,  even  a  small  effect  in  the  former  case 
is  more  impressively  demonstrated  than  a  relatively  greater  shift  in  the  second  case.  In  addition  to 
that,  the  ratio  of  doses  of  uni  thiol  and  cystamine  which  was  optimal  for  decrease  of  the  toxic  effect  of 
the  protector  in  mice  was  used  for  this  study  in  dogs.  However,  this  ratio  of  doses  for  dogs  could 
differ  considerably  from  optimum  in  view  of  the  species  peculiarities  of  animals,  as  well  as  the 
different  effects  that  were  studied  in  mice.  It  is  not  improbable  that  for  a  different  ratio  of  doses  of  the 
radioprotector  and  unithiol,  the  antitoxic  effect  of  the  unithiol  would  be  more  pronounced. 

Further  directions  for  research  should  include  study  of  the  antitoxic  effect  of  unithiol  with 
respect  to  cystamine  in  dogs  using  other  ratios  of  doses  of  the  radioprotector  and  unithiol. 

Appropriate  indicators  of  effectiveness  would  be  the  frequency  and  duration  of  episodes  of  emesis. 
These  indicators  may  be  considered  the  main  criteria  of  manifestation  of  cystaminc  intoxication.  In 
such  experiments  it  is  possible  to  try  to  reduce  the  dose  of  unithiol,  and  still  enhance  the  anti  vomiting 
effect  by  the  addition  of  pyridoxine.  The  antitoxic  effects  of  other  dithiols  with  respect  to  thiol 
radioprotectors  should  also  be  studied. 
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ATTN:  LIBRARY 

NAVY 

NAVAL  RESEARCH  LABORATORY 
4555  OVERLOOK  AVENUE  SW 
WASHINGTON  DC  20375-5000 
ATTN:  TECHNICAL  LIBRARY 

OFFICE  OF  NAVAL  INTELLIGENCE 
4251  SUITLAND  ROAD 
WASHINGTON  DC  20395-5720 
ATTN:  LIBRARY 

OFFICE  OF  NAVAL  RESEARCH 
800  N  QUINCY  STREET 
ARLINGTON,  VA  22217-5660 
ATTN:  TECH  LIBRARY 

NAVAL  POSTGRADUATE  SCHOOL 
411  DYER  ROAD 
MONTEREY,  CA  93943-5002 
ATTN:  LIBRARY 

NAVAL  POSTGRADUATE  SCHOOL 
411  DYER  ROAD 
MONTEREY,  CA  93943-5002 
ATTN:  PHYSICS  DEPARTMENT 

AIR  FORCE 

AFIT/ENWL,  BUILDING  642 
2950  HOBSON  WAY 

WRIGHT  PATTERSON  AFB,  OH  45433-7765 
ATTN:  LIBRARY 

AIR  FORCE  TECHNICAL  APPLICATIONS  CENTER 
1030  S.  HIGHWAY  AIA 
PATRICK  AFB,  FL  32925 
ATTN:  LIBRARY 

AIR  UNIVERSITY 
600  CHENNAULT  CIRCLE 
MAXWELL  AFB,  AL  36112 
ATTN:  LIBRARY 
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AIR  FORCE  RESEARCH  LABORATORY 
3550  ABERDEEN  AVENUE  SE 
KIRTLAND  AFB,  NM  87116-5000 
ATTN:  LIBRARY 


AIR  FORCE  OFFICE  FOR  STUDIES  AND  ANALYSIS 
1570  AIR  FORCE  PENTAGON 
WASHINGTON  DC  20330-1570 
ATTN:  LIBRARY 

SA-ALC/NWTE 

413  N  LUKE 

KELLY  AFB,  TX  78241 

ATTN:  FRANK  CRISTADORO 

HQ  USAFA/DFP 

USAFA,  CO  80840 

ATTN:  HEAD  OF  DEPARTMENT 

DEPARTMENT  OF  ENERGY 

US  DOE  OPERATIONS  OFFICE  (OWS/NESP) 

PO  BOX  5400 

KIRTLAND  AFB,  NM  87185-5400 
ATTN:  JIM  FINGERLOS 

LOS  ALAMOS  NATIONAL  LABORATORY 
PO  BOX  1663 
LOS  ALAMOS,  NM  87545 
ATTN:  LIBRARY 

SANDIA  NATIONAL  LABORATORY 
PO  BOX  5800 
ALBUQUEQUE,  NM  87185 
ATTN:  LIBRARY 

LAWRENCE  LIVERMORE  NATIONAL  LABORATORY 
20201  CENTURY  BLVD 
GERMANTOWN  MD  20874 
ATTN:  LIBRARY 

LAWRENCE  LIVERMORE  NATIONAL  LABORATORY 
PO  BOX  808 

LIVERMORE  CA  94551-9900 
ATTN:  HANS  KRUGER 

OFFICE  OF  INTERNATIONAL  HEALTH  STUDIES,  HS 
19901  GERMANTOWN  ROAD 
GERMANTOWN  MD  20874 
ATTN:  BARRY  FOUNTOS 

OAK  RIDGE  ASSOCIATED  UNIVERSITIES 
PO  BOX  117 
OAK  RIDGE  TN  37831 
ATTN:  LIBRARY 
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OTHER  GOVERNMENT 

NUCLEAR  REGULATORY  COMMISSION 
ROOM  2E13  11555  ROCKVILLE  PIKE 
ROCKVILLE  MD  20852 
ATTN:  MEDICAL  DIRECTOR 

MEDICAL  OFFICER 

14308  DUNWOOD  VALLEY  DRIVE 

BOWIE  MD  20721 

ATTN:  DR  JAMES  YODER 

USDA  RADIATION  SAFETY  STAFF 
5601  SUNNYSIDE  AVENUE 
BELTSVILLE  MD  20705 

ATTN:  USDA  RADIATION  SAFETY  STAFF  DIRECTOR 

EPA  ORIA  RADIATION  PROTECTION  DIVISION 
1200  PENNSYLVANIA  AVENUE,  NW  MC  6608J 
WASHINGTON  DC  20460 
ATTN:  DIRECTOR 

LIBRARY  OF  CONGRESS 
101  INDEPENDENCE  AVENUE  SE 
WASHINGTON  DC  20540 
ATTN:  DIRECTOR 

NATIONAL  CENTER  FOR  ENVIRONMENTAL  HEALTH/RSB 
CENTERS  FOR  DISEASE  CONTROL  AND  PREVENTION 
4770  BUFORD  HIGHWAY  NE 
ATLANTA  GA  30341 

ATTN:  CHIEF,  ENVIRONMENTAL  DOSIMETRY  SECTION 

DEPARTMENT  OF  DEFENSE  CONTRACTORS 

APTEK,  INC 

1257  LAKE  PLAZA  DRIVE 
COLORADO  SPRINGS,  CO  80906 
ATTN:  MEAGHER  THOMAS 

ARA  SW  DIVISION 

4300  SAN  MATEO  BLVD  NE  SUITE  A220 
ALBUQUEQUE,  NM  87110 
ATTN:  CHARLES  NEEDHAM 

CARPENTER  RESEARCH  CORPORATION 
27520  HAWTHORNE  BLVD  SUITE  263 
ROLLING  HILLS  ESTATES,  CA  90274 
ATTN:  H.J.  CARPENTER 
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INTEGRITY  APPLICATIONS  INCORPORATED 
5180  PARKSTONE  DR  SUITE  260 
CHANTILLY  VA  20151 
ATTN.  LISA  BYKOWSKY 

INSTITUTE  FOR  DEFENSE  ANALYSES 
4850  MARK  CENTER  DRIVE 
ALEXANDRIA  VA  22311 
ATTN:  LIBRARY/GENERAL  DISTRIBUTION 

HIGHLY  QUALIFIED  EXPERTISE  ASSOCIATES 

121  WINDJAMMER  ROAD 

BERLIN,  MD  21811 

ATTN:  DR.  ALLEN  BRODSKY 

JAYCOR 

9775  TOWNE  CENTRE  DRIVE 
SAN  DIEGO,  CA  92121 
ATTN:  DOLORES  WALTERS 

DTRA/DTRIAC 

2560  HUNTINGTON  AVENUE 
ALEXANDRIA,  VA  22303 
ATTN:  RON  BRENINGER 

ITT  INDUSTRIES 

2560  HUNTINGTON  AVENUE  SUITE  500 
ALEXANDRIA,  VA  22303 
ATTN:  WILLIAM  BILLADO 

ITT  INDUSTRIES 

2560  HUNTINGTON  AVENUE  SUITE  500 
ALEXANDRIA,  VA  22303 
5  CYS  ATTN:  CHRISTIAN  BRAHMSTEDT 

NORTHROP  GRUMMAN  IT 
8211  TERMINAL  ROAD 
LORTON,  VA  22079-1421 
5  CYS  ATTN:  DR.  GLEN  REEVES 

NORTHROP  GRUMMAN  IT 
222  W.  6th  ST 
SAN  PEDRO,  CA  90731 
ATTN:  GEORGE  IVY 

WEIDLINGER  ASSOCIATES 
4410  EL  CAMINO  RD  SUITE  110 
LOS  ALTOS,  CA  94022 
ATTN:  BINKY  LEE 

METATECH  CORPORATION 
358  S  FAIRVIEW  DRIVE  SUITE  E 
GOLETACA  93117 
ATTN:  WILLIAM  RADASKY 
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LOCKHEED  MARTIN 
4770  EASTGATE  MALL 
SAN  DIEGO,  CA  92121 
ATTN:  CHUCK  WILSON 

MISSION  RESEARCH  CORPORATION 
589  W  HOLLIS  ST.,  SUITE  201 
NASHUA,  NH  03062-2801 
ATTN:  WILLARD  WHITE 


PACIFIC-SIERRA  RESEARCH  CORPORATION 
2901  28th  STREET 
SANTA  MONICA,  CA  90405 
ATTN:  HAL  BRODE/DIRECTOR 

SAIC  SENIOR  PROGRAM  MANAGER,  DTRA 
PO  BOX  3341 

MERRIFIELD,  VA  221 16-3341 
ATTN:  ROBERT  BUMGARNER 

SAIC 

1410  SPRING  HILL  ROAD,  SUITE  100 
MCLEAN,  VA  22102 
ATTN:  CLIFF  MCFARLAND 

SAIC 

10260  CAMPUS  POINT  DRIVE 
SAN  DIEGO,  CA  92121 
ATTN:  HOWARD  WILSON 

SAIC 

2111  EISENHOWER  AVENUE,  SUITE  205 
ALEXANDRIA,  VA  22314 
ATTN:  JOHN  COCKAYNE 

ADVANCED  TECHNOLOGIES 
7500  MARBURY  ROAD 
BETHESDA,  MD  20817 
ATTN:  EDWARD  CONRAD 

TITAN  RESEARCH  &  TECHNOLOGY  DIVISION 
9410  TOPANGA  CANYON  BLVD  SUITE  104 
CHATSWORTH,  CA  91311 
ATTN:  KEN  KREYENHAGEN 

PACIFIC  NORTHWEST  NATIONAL  LABORATORY 
PO  BOX  999 

1  BATTELLE  BOULEVARD 
RICHLAND,  WA  99352 
ATTN:  DIRECTOR 

NATIONAL  NUCLEAR  SECURITY  ADMINISTRATION 
1000  INDEPENDENCE  AVENUE  SW 
WASHINGTON  DC  20585 
ATTN:  DIRECTOR 
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RUSSIAN  FEDERATION 

RUSSIAN  ACADEMY  OF  MEDICAL  SCIENCES 
4  KOROLEV  STREET 
OBNINSK,  RUSSIA  249020 

ATTN:  MEDICAL  RADIOLOGICAL  RESEARCH  CENTER/DIRECTOR 

PETERSBURG  NUCLEAR  PHYSICS  INSTITUTE 
RUSSIAN  ACADEMY  OF  SCIENCES 
GATCHINA,  ST  PETERSBURG 
ST.  PETERSBURG,  RUSSIA  188350 
ATTN:  GRACHEV  S.A. 

US  EMBASSY  MOSCOW 

DEPARTMENT  OF  ENVIRONMENT,  HEALTH,  OCEANS,  FISHERIES 
19/23  NOVINSKIY  BULVAR 
MOSCOW,  RUSSIA  123242 

KAZAKHSTAN 

KAZAKHSTAN  SCIENTIFIC  RESEARCH  INSTITUTE  OF 
RADIATION  MEDICINE  AND  ECOLOGY 
GAGARINA  STREET,  258 
SEMIPALATINSK,  KAZAKHSTAN  490049 
ATTN:  DIRECTOR 


SWITZERLAND 

WORLD  HEALTH  ORGANIZATION 

RADIATION  AND  ENVIRONMENTAL  HEALTH/PROTECTION  HUMAN  ENVIRONMENT 
20  AVENUE  APPIA 
CH-1211  GENEVA  21 
SWITZERLAND 

ATTN:  CHIEF  MEDICAL  OFICER 

UNITED  KINGDOM 

AWE 

ALDERMASTON 
READING,  BERKSHIRE 
RG74PR,  UK 

ATTN:  CHRISTOPHER  NUNN 

ROYAL  MILITARY  COLLEGE  OF  SCIENCE 

SCHRIVENHAM 

SWINDON,  WILTS 

SN68LA,  UK 

ATTN:  COMMANDER,  DEPARTMENT  OF  ENVIRONMENTAL  AND  ORDNANCE  SYSTEMS 
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